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論 文 内 容 の 要 旨 
Chapter 1 
Medical image registration has gained considerable attention and it became a highlighted 
development in the field of biomedical engineering. Medical image registration as well as 
multimodal image registration, has become more important attention to gather as much 
information as possible for the diagnosis of the disease. There are many types of medical image 
registration and each of them presents their own benefits for better medical imaging outcome. 
Chapter 1 discussed the medical image registration in general, the aim of this PhD project and 
the structure of the thesis.  
 
Chapter 2 
This PhD project is about multimodal image registration which involve the registration 
between fNIRS and PET. This is the first study considering registration image of PET and 
fNIRS signal. Previous study on PET and fNIRS is just comparison of CBV given by PET and 
haemodynamic in brain given by fNIRS.  Therefore, chapter described the basic principle of 
the fNIRS and PET and briefly review on previous study on fNIRS combination with other 
imaging modalities such as BOLD fMRI and EEG.  
 
Chapter 3 
Chapter 3 explained the imaging modalities that used in the study. The main modalities that 
been discussed are fNIRS system and PET machine. Besides that, the registration was done 
based on hardware base system, which is optical tracking system, and this also has been explain 
in the last part of this chapter. 
 
Chapter 4 
The registration of fNIRS and PET is done on human and the methods has been validated using 
phantom. The registration process includes several series of transformation of the fNIRS probe 
and Polaris marker to the PET coordinate. fNIRS is basically the measurement using probe 
which is fixed on the special cap. In order to register the fNIRS signals into the PET image, the 
probe location must be transformed to the PET coordinate. Therefore, this chapter explained 
how to transform the location of the probe to the PET coordinate as well as the registration of 
the signals on the PET image. In order to transform the probes location into PET coordinate, 
several criteria must be considered such as the fNIRS probe location and the fNIRS signal 
location, the Polaris markers and the gantry markers. These criteria are explained as well in 
this chapter.  
 
Chapter 5 
Before performing the registration methods on human, the method was validated using 
specially designed phantom for fNIRS and PET. Therefore, this chapter described the 
validation of the methods which is done on special phantom, and how we get the phantom 
position on PET image. In order to register the phantom on PET image, the phantom position 
must be transformed into the PET coordinate (CPET). Therefore, the objectives of the validation 
study are; 1) to determine the position of fNIRS probe in CPET and register on the PET image 
and 2) to test the accuracy and precision of the transformation and registration process of fNIRS 
on PET.  
 
Chapter 6 
Chapter 6 explained about the registration of fNIRS signal on PET image which is done on 
human. After validating the registration method using phantom, the same registration method 
was performed on human which is done on volunteer subject individually.  Therefore, this 
chapter 6 will discuss about the procedure and protocol for fNIRS measurement and PET 
scanning on human as well as the whole transformation and registration of fNIRS signal and 
PET image.  
Chapter 7 
This study demonstrated the registration of fNIRS on PET image for eleven subjects using 
geometrical transformation methods. The aim of this study is to register the fNIRS image on 
PET image, therefore the result is focused on the transformation of the fNIRS probe coordinate 
and Polaris marker coordinate to the PET coordinate. The registration of fNIRS on PET image 
is considered successful and the fNIRS activation area can be viewed on the PET image. As 
the task in this study is the cognitive task, therefore the response is in the frontal area. Chapter 
7 is discussed the summary of this project as well as the conclusion.  
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では、PET と fNIRS の二つのモダリティ画像を同一座標に位置合わせする新しい手法を開発した。 
本論文は全編 7 章からなる。第 1章は序論であり、本研究の背景、目的及び構成を述べている。 
第 2 章は本論文で利用する 2 つのモダリティ、PET、fNIRS それぞれの原理、特徴を述べている。 
第 3 章は、本論文で開発する方法で重要となる光学式トラッキングシステムを中心に書かれてい
る。第 4 章は本研究で開発した方法論の原理を述べる。fNIRS の画像データと PET の画像データ
のそれぞれの座標系間の関連性を光学式トラッキングシステムの測定データをもとに求め、座標変
換手法を構築した。第 5 章では、開発された方法を検証するために、ファントム実験を実施し、そ
の結果に関して記述された。第 6 章では、本方法を用いて、実際のヒトを用いた PET と fNIRS の
実験を行い、その結果を述べている。PET と fNIRS 画像が良好に位置合わせしていることが示さ
れた。最終章の第 7 章では、これまでの結果をまとめ、議論をおこない、結論を述べている。 
以上、本論文は、PET と fNIRS という全く異なるモダリティ画像の位置合わせを行う新しい手法
を提案し、この新しい手法により良好な位置合わせが行えることを示した。提案された方法は簡便
で、他のモダリティにも応用が可能な方法であり、医工学の他の分野への応用も期待される。よっ
て、本論文は博士（医工学）の学位論文として合格と認める。 
 
